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This study aimed to determine the effects of the modified atmosphere packaging (MAP) in the 
antioxidant capacity (AC) of arazá (Eugenia stipitata McVaugh), naranjilla (Solanum quitoense 
Lam.) and tree tomato (Solanum betaceum Cav.). AC was evaluated by ABTS and DPPH 
methods. Fruits were cold stored using three MAPs (MAP 1:2.5%2.5% O2: 5.0% CO2); (MAP 2: 
2.5% O2: 2.5% CO2) and   (MAP 3: 80% O2: 10% CO2 )  for 1, 4, 7 and 10 days. ABTS showed 
the highest AC values with respect to DPPH. Arazá fruit AC was correlated with total flavonoids 
content (TFC) (r> 0.8360) and total polyphenols content (TPC) (r> 0.7252). Naranjilla fruit (r> 
0.8188) and tree tomato  2.5% O2: 2.5% CO2 (r> 0.7365), TPC and TFC showed significant 
correlations with the DPPH. When using the canonical correlation analysis, it was observed that 
TPC is responsible for AC of the three fruits, showing strong correlations (0.9716) with DPPH.
Keywords: antioxidants capacity, anthocyanins, carotenoids, flavonoids,  modified atmosphere 
packaging
Practical Applications
The present study has as practical applications to provide knowledge on the cold storage of araza 
Eugenia stipitata McVaugh), naranjilla (Solanum quitoense Lam.) and tree tomato (Solanum 
betaceum Cav.) fruits. It also describes the effect of modified atmosphere packaging (MAP) on the 
antioxidant capacity of the three fruits studied. This study provides knowledge about biological 
properties of these fruits during cold storage with modified atmosphere.
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1. INTRODUCTION
Consumers demand a high amount of fresh fruit for its nutritional value, quality, and 
healthy properties. The consumption of fruits is highly recommended because through its 
consumption, the human body gets an important content of vitamins, minerals, fiber, tocopherols 
and polyphenols (Rico, Martin-Diana, Barat, and Barry-Ryan, 2007; Llerena et al., 2019; Canova, 
Bobbio and Manganelli, 2020; Deng, Mai and Niu, 2020). It is known that eating habits can have 
an influence for the prevention of metabolic diseases such as hypertension, diabetes, and obesity. 
Various studies have described many polyphenols compounds found in foods as fruits, vegetables, 
tea, and seeds. These polyphenols compounds can prevent damage caused by oxidative stress such 
as damage cell and damage in DNA (Zhu et al., 2019). Epidemiological studies suggest that there 
is a correlation between the high consumption of phenolic compounds in the diet and the reduction 
of cardiovascular disease risks. Probably the main antioxidant activity that has been associated 
with polyphenols is the ability to scavenge free radicals (Hu et al., 2020).
Arazá (Eugenia stipitata McVaugh), naranjilla (Solanum quitoense Lam.) and tree tomato 
(Solanum betaceum Cav.) are a native crop of  South America, belonging to the Myrtaceae and 
Solanaceae family (Espin et al.,2016; Llerena et al., 2019). These fruits have a high content of 
chlorophyll, polyphenols, carotenoids, flavonoids, and anthocyanins. The antioxidant activity of 
different extracts obtained from arazá, naranjilla and tree tomato using the ABTS, FRAP, DPPH 
and ORAC methods has been previously described (Contreras-Calderon et al., 2011). A direct 
correlation between polyphenol content and antioxidant activity has been established depending 
on the variety studied (Zebrowska et al., 2019). The antioxidant capacity adds a high quality to 
foods characterized with this biological property. The antioxidant capacity can increase their 
protection against lipid oxidation (Nardini and Garaguso, 2020). The phenolic composition can 
help to prevent several determined diseases. Diet food can help to prevent diseases such as 
hypertension, hypercholesterolemia, diabetes, obesity (Grosso et al., 2017).      
Fruits and vegetables after harvesting begin to lose quality due to various chemical and enzymatic 
reactions that occur inside them during the technological and the storage processes. In addition, 
damage caused by cuts and handling during processing accelerates the deterioration of fruits 
causing economic losses to the food industry (Belay, Caleb, and Opara, 2019; Siddiq,  Auras, 
Siddiq, Dolan, and Harte, 2020). The stress produced in the fruit by cuts or manipulation during 
processing can activate different defense mechanisms involved in the synthesis and/or degradation 
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Currently, the food industry has a high interest in minimizing the packaging of processed foods 
and seeks to innovate in new quality products. Industry searches new products safe for the 
consumer free of chemical treatments (Opara, Hussein, Caleb, and Mahajan, 2015). Modified 
atmosphere in packaging (MAP) with the combination of cold storage, is a useful tool to preserve 
the quality and shelf life  of fresh fruits and vegetables (Ma, Zhang, Bhandari, and Gao, 2017; 
Yousuf, Qadri, and Srivastava, 2018; Ozturk et al., 2019). MAP helps to extend the shelf life of 
fruits studied because a reduction in the respiratory rate of the fruit is achieved. MAP also 
prevents contamination during storage (Jo, An and Lee, 2014; Pace, Capotorto, Cefola, Minasi, 
Montemurro, and Carbone, 2020). In addition, MAP has a combination of gases in the free space 
of the packaging that allows to reduce physiological processes, oxidative processes, and the 
growth of microorganisms such as bacteria and fungi. Important parameters for the quality of the 
fruit such as pH, vitamin C content, sugars, fatty acids, tocopherol and polyphenols can be 
affected by MAP treatment (Ozturk et al., 2019; Boerzhijin, Makino, Hirai, Sotome, and 
Yoshimura, 2020). MAP can be an effective tool to increase certain compounds with interest for 
the shelf life of foods such as the content of polyphenols, carotenoids and flavonoids (Pinela et al, 
2018). MAP can help the conservation of antioxidant capacity of fruits stored for a long time. The 
aim of the study was to evaluate the effect of MAP treatments in the AC of the Arazá (Eugenia 
stipitata McVaugh), naranjilla (Solanum quitoense Lam.) and tree tomato (Solanum betaceum 
Cav.) Ecuadorian blackberry variety.
2. MATERIALS AND METHODS
2.1 Plant Material 
Arazá (Eugenia stipitata McVaugh) clone 003 was obtained of the Coca city, Orellana province  
in the Amazonian region, in Ecuador. Naranjilla (Solanum quitoense Lam.) quitoense 2009 variety 
was obtained of the Chaco city, Napo province, Amazonian region. Tree tomato (Solanum 
betaceum Cav.) were obtained of Patate city, Tungurahua province in the Andean region, Ecuador. 
2.2 Physiochemical properties analysis of fruits  
The fruits were cleaned and washed, weighed, measured their degree of maturity, luminosity, 
fastness, brightness, chroma, pH, soluble solids and acidity was determined follow the Ecuadorian 
INEN (2015) standard. The fruits were collected hand-harvest and separated from the peduncles, 
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used in the assays with the MAPs and antioxidant activity. The boxes were transported in cold 
using a portable fridge at 10°C. 
2.3 Postharvest preservation by MAP 
For gas combinations, a KM100-3 Flow gas mixer (Witt Gasetechnik; Germany) was used, using 
food grade gas cylinders at oxygen  (99.5% quality), and carbon dioxide (99.9% quality), acquired 
from Linde Ecuador. The generated gas mix was stored in a 10 L stainless steel pressure tank 
manufactured by (Witt Gasetechnik, Germany). The gas was distributed through a pneumatic 
fitting system consisting of a Harris type double stage pressure regulators, flow control valves, 
shut-off valves, reductions, quick connections and Teflon, polyurethane and polyamide pipes 
(Angós, 2008).
Each gas combination was compared against the control, the atmospheric air, injected into the 
storage chambers by means of an oil-free air compressor (Marathon Electric, Mexico), with an 
approximate flow rate of 450 mL/h. Prior to entering the storage chambers, all gases were passed 
through a scrubber, where they were bubbled through water to humidify the incoming mixture into 
the system until reaching a relative humidity of 90-95%. The process scheme is shown in Figure 1 
for treatments with both MAPs and control-air of arazá, naranjilla and tree tomato. Arazá fruit (12 
°C), naranjilla fruit (6 °C) and tree tomato (4 °C) were treated with MAPS for 1, 4, 7 and 10 days. 
2.4 Total polyphenols content (TPC)
TPC was determined using the method described by Samaniego et al. (2020). The sample 
lyophilized  was dissolved in methanol: water: formic acid (70:30:0.1 v:v:v). The sample were 
mixed using Vortex Mistral 4600 (Multi-Mixers; Illinois, USA). Then, the sample was subjected 
to an ultrasonic bath Cole-Parmer 8892-MTH (Cole-Parmer, Illinois, USA) and then centrifuged. 
A part of the sample was mixed with the reagent Folin-Ciocalteu and Na2CO3 at 20%. The 
absorbance was measured using a spectrophotometer (Shimadzu UV-VIS 2600 Kyoto, Japan) at a 
wavelength of 760 nm. Gallic acid was used as standard (0 to 100 ppm) for triplicate in three days 
(n=9). The curve of calibration was stablished (y = 0.0117x + 0.0789, R² = 0.9995).  TPC was 
expressed in terms of mg of gallic acid equivalents GAE/100 g of dry weight (DW) sample.
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TFC was determined according to the method described by Zhishen et al (1999). The sample was 
dissolved in methanol: water: formic acid (70: 30: 0.1, v: v: v). An aliquot of the supernatant was 
reacted with sodium nitrate, aluminum chloride and sodium hydroxide. The absorbance of the 
mixture was measured with the help of a Shimadzu UV-VIS 2600 spectrophotometer (Shimadzu, 
Kyoto, Japan) at 490 nm. The absorbance was measured at 430 nm. TFC was determined using a 
calibration curve of quercetin (y = 0.0032x + 0.0669, R²=0.9998) for triplicate in three days (n=9). 
The results were expressed as mg quercetin/100 g dry weight (DW).
2.6 Total carotenoids content (TCC)
TCC determination was performed following the method described by Llerena (2019). The 
lyophilized sample of tree tomato was started by weighing in a gram of calcium chloride and a 
solution of hexane, acetone, ethanol and BHT in proportion 50: 25: 25: 0.1 (v: v: v: v) , to carry 
out the extraction. The mixture was stirred in a vortex (Mistral 4600, Multi-Mixers; Illinois, 
United States), and centrifuged. Finally, the extract was passed to a glass cell, to read the 
absorbance at 490 nm on a Shimadzu UV-VIS 2600 spectrophotometer (Kyoto, Japan).
The method was validated by performing a series of extractions to determine the precision of the 
method with 6 repetitions and for the accuracy different extraction cycles were performed to 
obtain 100% of the content of the bioactive component of the sample.
2.7 Total anthocyanins content (TAC)
The TAC determination was performed following the method described by Llerena et al. (2019). 
The lyophilized sample of tree tomato was made by weighing. Then, a pH 1.0 buffer solution (0.2 
N HCl and 0.2 N NaCl) was added to carry out the extraction. The mixture was stirred in a vortex 
(Multi-Mixers; Illinois, United States), taken to an ultrasonic bath (Cole-Parmer 8892-MTH; 
Illinois, United States) and centrifuged. The same procedure was used considering that the pH 4.5 
buffer (1M CH3COONa and 0.1M HCl) was used. Finally, the extract was passed to a glass cell, to 
read the absorbance at 510 nm and 700 nm, respectively in a Shimadzu UV-VIS 2600 
spectrophotometer (Kyoto, Japan). The TAC was calculated by absorbance differences of pH 1.0 
minus pH 4.5, as described below:
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The method was validated by carrying out a series of extractions to determine the precision of the 
method with 6 repetitions for pulp and 5 repetitions for shell; and for accuracy, different extraction 
cycles were performed to obtain 100% of the content of the bioactive component of the sample.
2.8 Preparation of samples fruits
At each time assayed, the breathing chambers of D1R1 and D1R2 to D10R1 and D10R2 were 
removed from the refrigerated storage cold. The samples from each vessel was taken to perform 
the antioxidants tests (ABTS and DPPH assays). The skin of the fruits was separated from the 
pulp. The pulp was cut into slices, and pulp and shell were placed separately in hermetically sealed 
sleeves, then frozen at -80 °C and finally lyophilized to be stored until the respective analysis.
2.9 ABTS assay 
The extracts obtained of pulp and the edible portion of arazá (Eugenia stipitata McVaugh), 
naranjilla (Solanum quitoense Lam.) and tree tomato (Solanum betaceum Cav.) were treated with 
MAPs and then used to evaluate their antioxidant activity using the ABTS method described by 
Piñuel et al. (2019a). Trolox standard was used as the reference standard (0-800 µmol Trolox/L). 
The calibration curve was stablished at (y = 0.0007x + 0.0671, R² =0.999). All assays were made 
six times (n=6). The results obtained were expressed as µmoL Trolox Equivalents TE/g sample, 
dry weight (DW). 
2.10 DPPH assay
The extracts obtained of pulp and the edible portion of arazá (Eugenia stipitata McVaugh), 
naranjilla (Solanum quitoense Lam.) and tree tomato (Solanum betaceum Cav.) were treated with 
MAPs and then used to evaluate the antioxidant activity using the DPPH method described by 
Piñuel et al. (2019b). Trolox standard was used as the reference standard (0-800 µmol Trolox/L) 
and the calibration curve was stablished (y = 0.0013x + 0.007, R²=0.999). All assays were made 
six times (n=6). The results obtained were expressed as µmoL TE/g sample, dry weight (DW). 
. 
2.11. Statistical analysis
The results of this study were expressed as mean ± standard deviation (SD). Significant statistical 
differences between treatments was evaluated by one-way ANOVA followed of  Tukey´s test. 









This article is protected by copyright. All rights reserved
experiments (MAPs) were performed with six separate measures (ABTS/DPPH) for all assays 
(n=12).  
3 Results and Discussion
3.1 Physicochemical analysis of araza, naranjilla and tree tomato
Before subjecting the fruits to MAP treatments, the fruits were selected according to their 
physicochemical characteristics that allow determining their degree of maturity. Aspects such as 
weight, length, diameter, color, tone, and maturity index were determined. The fruit of the arazá in 
its maximum degree of maturity presented physicochemical values as a weight of 102.35 g, length 
of 5.54 cm, a diameter of 6.77 cm, tone of 55.65 h° , chroma of 87.91 c*  and a maturity index of 
2.20 MI. Naranjilla fruit present a weight of 139.83 g, length of 5.90 cm, diameter of 6.37 cm, 
tone of 81.23 h°, chroma of 64.41 c* and a maturity index of 3.54 MI. Tree tomato present a 
weight of 152.25 g, length of 8.54 cm. diameter of 6.26 cm, tone of 49.78 h°, chroma of 36.66 and 
a maturity index of 5.88 MI. 
3.2 Phytochemical composition of arazá, naranjilla and tree tomato
TPC, TFC and TCC were measured in pulp from arazá and naranjilla. TPC, TFC, TCC and TAC 
were measured in pulp from tree tomato. Table 1 shows the results of phenolic composition. The 
values of TPC found were 1569.60, 775.31, 704.60 mg GAE/100 g, DW of sample, respectively. 
Arazá fruit present a TPC higher value than naranjilla and tree tomato.  Some fruits are considered 
super fruits for their high content of polyphenols, flavonoids, carotenoids, anthocyanins, vitamins, 
and other phytocomponents. To be considered as a superfruit, TPC is expressed as mg GAE/100 g, 
with values between 113.02 to 1620.00 mg GAE/100 g (Chang, Alasalvar, & Shahidi, 2019). Our 
results show that arazá fruit could be considered a superfruit because its TPC content was of  
1569.60 mg GAE/100 g DW. The TFC content was of 600.72 (mg catechin/100 g DW) and 
present a TCC value of 31.00 (µg β-carotene/g DW). 
3.3 Antioxidant capacity of arazá, naranjilla and tree tomato treated with MAP
Table 1 shows the arazá, naranjilla and tree tomato AC evaluated using the ABTS and DPPH 
methods before treatment with MAPs (day 0).  AC by ABTS method of arazá fruit present a high 
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with 392.10 (µmol TE/100 g DW) followed of tree tomato with a value of AC by ABTS of 
161.04(µmol TE/100 g DW) and AC by DPPH method of 47.82 (µmol TE/100 g DW). 
3.4 Evaluation of effect of MAPs in AC of arazá, naranjilla and tree tomato 
Figure 2A shows the results of the MAP effect [2.5%O2 : 5.0% CO2] on AC evaluated with ABTS 
for the Arazá fruit. AC of the fruit treated with MAPs for 1 (926.15 µmol TE/100 g DW) and 4 
(925.38 µmol TE/100 g DW) days of storage were higher than for zero days storage. The 
application of MAP produces an effect on the arazá AC. AC of the fruit treated with MAP was 
higher than the AC of the fruit treated with air. The AC by ABTS values obtained from the MAP 
treatment show that during the treatment period the AC of the fruit is maintained until day 4 of the 
test, showing a slight decrease at 7 and 10 days of storage cold. On the contrary, AC of the control 
treatment was lower on the first day of the test and reached its maximum value at 4 days, to 
subsequently decrease. MAP vs Control presented statistical differences (p <.05) in the storage 
times of 1 and 10 days. Between days 4 and 7 no significant differences were observed (p <.05).
Figure 2A shows the arazá AC treated with MAP measured by DPPH. A similar behavior to the 
one registered by ABTS was observed. AC of the fruit treated with MAP was higher than the AC 
of the fruit treated with air. The highest AC by DPPH method values were observed on day 4 of 
treatment and a slight decrease was observed on days 7 and 10. When the AC by DPPH method  
data from MAP were compared to the control, significant differences were observed (p <.05) 
during days 1, 4 and 7.
González-Aguilera et al. (2010) have described that most of the post-harvest treatments used to 
extend the useful life of the fruit, involve the alteration of its natural conditions.  The fruits suffer 
from biotic stress. For these authors, the use of MAPs can affect the metabolic activity of the fruit 
and modify some biochemical processes, causing the activation of its antioxidant system. MAP 
would increase the content of phenolic compounds. This increase could be associated with the 
higher AC of the arazá stored under MAPs compared to the control sample.
Mashabela, Mahajan, and Sivakumar (2019) have described the effect of MAP films on the 
composition of biocompounds and the AC evaluated by FRAP and ABTS on fresh-cut 
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content of TPC, TFC, AC by FRAP method and AC by ABTS method during days 4 and 8 stored 
at 5 °C.
Figure 2B shows the results of AC by the ABTS method of naranjilla treated with MAP [2.5%O2 : 
5.0% CO2] at 6 °C for 1, 4, 7 and 10 days. It was observed that the AC by the ABTS method 
treated with MAP presented lower values than the AC by the ABTS method of the control group. 
No significant differences (p <.05) were observed between the times tested for the MAP group or 
for the control group. No significant differences were observed when the AC by ABTS treated 
with MAP values are compared with the AC by ABTS-control values. Figure 2B shows the AC by 
DPPH results of MAP-treated orange and control during 1, 4, 7 and 10 days of storage at 6 °C. AC 
by DPPH-control presented higher values than AC by DPPH method treated with MAP.
Figure 2C shows the results obtained from AC by ABTS method of tree tomato fruit treated with 
MAP [2.5% O2: 2.5% CO2] and control for 1, 4, 7 and 10 days stored at 4 °C. It was observed that 
the fruit treated with MAP presented lower AC by ABTS method values than AC by ABTS-
control. In the case of AC by DPPH method treated with MAP, higher values were observed than 
those obtained by AC by DPPH-control. No significant differences were found at p<.05 when 
MAP was compared to control, nor when the different times of each group were compared (Figure 
2C).
Furthermore, the AC of tree tomato was evaluated under MAP treatment [80% O2: 10% CO2] for 
1, 4, 7 and 10 days of storage at 4 °C. AC by ABTS method treated with MAP presented lower 
values than the control group (Figure 2D). AC by DPPH method treated with MAP showed an 
increase in activity on day 7 of storage at 4 °C (Figure 2D). No significant differences were 
observed at p <.05.
3.5 Analysis of correlation of Pearson of phenolic components and AC
To establish the relationship between the content of phenolic compounds and the AC/MAP [2.5% 
O2: 2.5% CO2] of arazá measured by ABTS and DPPH, a Pearson correlation analysis was 
performed (Table 2).
Table 2 shows that the arazá AC (ABTS and DPPH) showed a positive and statistically significant 
correlation (p <.05) with TPC and TFC; however, TCC showed negative correlations against this 
parameter. The highest correlation coefficients were associated with the AC values measured by 
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Arazá fruit has a high TPC content. For this reason, its AC presents a direct correlation with the 
hydrophilic fraction of the bioactive compounds in the fruit, which includes polyphenols, 
flavonoids, and water-soluble vitamins. The high correlation (r close to 1) in ABTS and the DPPH 
associated with these compounds is due to their different redox characteristics (Contreras-
Calderón et al., 2011; Cuellar, Ariza, Anzola, and Restrepo, 2013).
In the naranjilla fruit, it was observed that the highest AC values of the naranjilla corresponded to 
the measurements made by ABTS. However, when determining the Pearson's correlation 
coefficients (Table 2), it was observed that there is a significant correlation (p <.05) associated 
with AC by DPPH method.
There is a very high correlation between the TPC content (r = 0.9109) and AC by DPPH method 
of the fruit. Although somewhat lower, a very high correlation associated with TCC and TFC of 
the fruit can be seen (Table 2). Vasco, Ruales, and Kamal-Eldin (2008) report that the high 
correlation of AC by DPPH method, indicates that the antioxidants of naranjilla have a high 
antiradical efficiency. According to Mertz et al. (2009) the antioxidant and pro-oxidant activity of 
naranjilla is the result of the interaction of its free water-soluble components (organic acids, 
vitamin C), some water-soluble phenolic compounds and carotenoids, confirming the results 
obtained in this study.
As in the naranjilla, it has been observed that the phenolic components of the tree tomato are 
highly correlated with AC by DPPH method (Table 2), being statistically significant for TAC 
(r=0.793), TFC (r = 0.736) and TPC ( r = 0.8767). However, the highest AC values were those 
recorded by ABTS.
Pearson's correlation analysis for the tree tomato case was also performed when the fruit was 
treated with MAP [80% O2: 10% CO2]. Table 2 shows that the AC by ABTS method presented 
statistically significant correlations (P <0.05) with the content of TAC (r = 0.7259), TFC (r = 
0.7944) and TPC (r = 0.7259). Despite its high degree of correlation (r = 0.7010), TCC did not 
show a significant effect on the AC of the fruit. In contrast, AC by DPPH method did not show a 
statistically significant correlation (p<.05) with any of the bioactive compounds in this fruit.
 The results obtained demonstrate that the type of modified atmosphere that is applied for the post-
harvest treatment of tree tomato can affect the phenolic components and the AC of the fruit. When 
applying classic atmospheres (2.5% O2: 2.5% CO2), it was observed that there is a high correlation 
between these components and the AC by DPPH method. Atmospheres with 80% O2: 10% CO2 
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According to Zheng et al. (2003), in blueberry the AC (ORAC) is due to the polyphenols present 
in the fruit, since they are considered as strong antioxidant agents.
3.6 Analysis of correlation canonical
When performing the Pearson (r) correlation analysis, it was observed that depending on the type 
of fruit, there is a greater or lesser correlation of the different groups of antioxidant compounds 
with the AC by ABTS method or AC by DPPH method values, and in some cases there is no 
significant correlation with one of the methods used. Therefore, it was considered necessary to 
evaluate the effect of the antioxidant content of the three fruits on the AC determined by the two 
methods used (ABTS and DPPH) simultaneously. For this, a canonical correlation analysis (Figure 
3) was used, the objective of which is to search for relationships between two groups of variables; 
the first group of variables considered are the antioxidants of the fruits and the second group, the 
one formed by the results of the antioxidant capacity. Figure 3 shows a high correlation between 
the content of total antioxidants (TAC, TCC, TFC and TPC) and the AC measured by ABTS and 
DPPH. The first canonical correlation found is statistically significant (p = 0.000), with a 
magnitude of 0.9716; considering himself particularly strong. The associated canonical equations 
(Equation 6 and 7) were expressed as follows:
AC=-0.0096∙TAC-0.1794∙TCC-0.1492∙TFT+0.8014∙TPC             Ec 6
TA=0.1253∙ABTS+0.8867∙DPPH                                                   Ec 7
The coefficients of the canonical equations show how the variable called total antioxidants (TA) is 
fundamentally defined by the total polyphenol content of the fruits, while the variable antioxidant 
capacity (AC) is defined by the determinations obtained with the DPPH method.
 Based on the AC of the fruits, two groups can be distinguished. The first group is made up of the 
arazá whose AC is mainly due to the TPC content. The second group is made up of naranjilla and 
tree tomato. This could be because the arazá is a fruit that has been recognized for its high AC. It 
has been observed in in vitro tests that it is effective in the elimination of radicals, neutralization of 
the harmful action of reactive species and transfer of hydrogen radicals, presenting high AC values 
by different methods: ABTS (435.31 µM Trolox/g), FRAP (245.67 µM Trolox/g), ORAC (260.76 
µM Trolox/g) and TEAC (118.53 µM Trolox/g) (Bakkali, Ruiz-Larrea, and Ruiz-Sanz,  2010; 
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Andrade, Denadai, Nunes, and Narain, (2017) this AC of the fruit is due to the presence of high 
contents of gallic acid, ascorbic acid, myricetin, quercetin, cinnamic acid and traces of vanillic 
acid, kaempferol and naringenin.
The second group of fruits is composed of naranjilla preserved in MAP with 2.5% O2: 5.0% CO2 
and tree tomato preserved in classic atmospheres (2.5% O2: 5.0% CO2) rich in oxygen and CO2 
(80% O2 : 10% CO2) presented a lower canonical correlation with their AC than the arazá. Vasco, 
Ruales and Kamal-Eldin (2008) indicate that the low antiradical efficiency and the low AC of 
these fruits may be because their phenolic compounds are weak antioxidants or are linked to other 
molecules such as carbohydrates, which considerably reduce their AC.
3.7 Antioxidant capacity of portion edible of araza, naranjilla and tree tomato
Table 3 presents the AC values expressed in mg of Trolox/100g fresh weight (FW) of edible 
portion of arazá, naranjilla and tree tomato preserved in MAPs during a period of 10 days at 4 °C.
The results of AC de arazá obtained in this study are comparable with the values published by 
other authors (Lizcano, Bakkali, Ruiz-Larrea, and Ruiz-Sanz2010; Contreras-Calderón et al., 
2011; Neri-Numa et al., 2013). In this fruit it has been determined that its fresh consumption can 
provide an AC between 137.66 and 505.59 mg Trolox/100g FW, depending on the method used 
for its measurement (ABTS, FRAP, ORAC, TEAC, among others). Therefore, the values obtained 
in ABTS (192.53 mg Trolox/100g FW at the end of the MAP treatment period (2.5% O2: 5.0% 
CO2) were very close to those reported by these authors; however, AC by DPPH method (726.26 
mg Trolox/100g FW is higher.
When adjusting the values of the CA of naranjilla on a wet basis, it was observed that its 
contribution can be very similar to the one of the arazá. In an edible portion of 100 grams of this 
fruit you can obtain between 80.09 and 410.48 mg Trolox/100g FW (Vasco, Ruales and  Kamal-
Eldin, 2008; Mertz et al., 2009; Contreras-Calderón et al., 2011). As in arazá, the values obtained 
will depend on the method used for its determination (ABTS, DPPH, FRAP and ORAC). In this 
fruit, MAP (2.5% O2: 5.0% CO2) also allowed to preserve the AC of the naranjilla since the values 
obtained are within the range obtained by these authors for ABTS (113.71 mg Trolox/100g FW) 
and DPPH (357.32 mg Trolox/100g FW).
In tree tomato it was observed that when adjusting the results of the AC of the fruit on a wet basis, 
its value increased. Thus, the AC by the methods of ABTS (168.61 and 171.32 mg Trolox/100g 
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2.5% O2: 2.5% CO2 and 80% O2 : 10% CO2; respectively; showed AC values within the ranges 
shown (45.07 to 606.95 mg Trolox/100g FW) by Espin et al. (2016), Mertz et al. (2009), 
Schotsmans (2011) and Vasco, Ruales and Kamal-Eldin, (2008) for purple tree tomato of different 
origins and cultivars, measured by ABTS, DPPH, FRAP, ORAC and AA-TROLOX. Finally, it 
can be concluded that the application of MAPs for the conservation of tropical fruits (arazá and 
naranjilla) and Andean (tree tomato) allows to maintain their antioxidant properties.
4. CONCLUSIONS 
The climacteric fruits such as the arazá and naranjilla responded better to the treatments with 
MAPs than tree tomato. Due to its physiological characteristics, this fruit continues its breathing 
process after harvest. AC by the ABTS method and AC by the DPPH method of naranjilla fruit 
increased after MAP treatment at 6 °C. The highest AC values obtained in the three fruits 
corresponded to the results obtained by ABTS.
During the MAPs treatment period, the arazá presented a higher AC by the ABTS method and AC 
by the DPPH method than naranjilla and tree tomato. Pearson's correlation analyzes showed that 
AC was related to DPPH assays. The arazá fruit presented statistically significant correlations in 
ABTS and DPPH. The canonical correlation analysis showed that the TPC content is the main 
responsible for the AC of the three fruits, showing a strong correlation between the antioxidant 
content and the AC of arazá, naranjilla and tree tomato. Fruit treatment with MAPs can be used to 
preserve the AC at different storage times under cold.
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Figures and Tables
Figure 1.  Diagram of treatment MAP1 [2.5% O2:5.0% CO2], MAP2 [2.5% O2: 2.5% CO2] and 
MAP3 [80% O2:10% CO2] used to arazá, naranjilla and tree tomato fruits from Ecuador. D1R1, 
D4R1, D7R1 and D10R1 (Day 1, 4, 7 and 10 of the assay 1).  D1R2, D4R2, D7R2 and D10R2 
(Day 1, 4, 7 and 10 of the assay 2).  TR (respiratory rate). Storage cold: Arazá 12°C, naranjilla 
6°C and tree tomato 4°C. 
Figure 2. Effect of MAPs in the AC by ABTS and DPPH of arazá, naranjilla and tree tomato . A) 
Analysis of arazá fruit with MAP [2.5% O2: 5.0% CO2]. MAP (•) green point, B) Analysis of 
naranjilla with MAP [2.5% O2: 5.0% CO2]. MAP  (•) yellow point, C) Analysis of tree tomato 
with MAP [2.5% O2: 2.5% CO2]. MAP (•) red point. D) Analysis of tree tomato with MAP [80% 
O2: 10% CO2]. MAP (•) red point and control-air (•) black point.
A, B: significant differences between MAPs and control
a, b, c: significant differences between time of storage (1, 4, 7 and 10 days)
Figure 3. Analysis of correlation canonical of arazá, naranjilla and tree tomato. MAP1 [2.5% 
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Table 1. 
Determination of total polyphenol content (TPC), total flavonoids content (TFC), total carotenoids 
content (TCC) and total anthocyanins content (TAC) in araza, naranjilla and tree tomato fruits and 
Antioxidant activity of arazá, naranjilla and tree tomato using ABTS and DPPH methods before 
treatment with MAPs.
Results of phenolic components were expressed as mean ± standard deviation (n=9).
Results of antioxidant activity were expressed as mean ± standard deviation (n=6). Different 
letters represent statistical different with (P<0.05) by One-way ANOVA of column results.  
Table 2. Analysis of coefficient of correlation of Pearson  (r) between antioxidant capacity (ABTS 
and DPPH) and phenolic component of arazá and naranjilla and tree tomato treated with MAPs.
* Significant statistical (p<.05) at a confidence level of 95%. MAP 1 [2.5% O2: 5.0% CO2], MAP 
2[2.5% O2: 2.5% CO2] and MAP 3 [80% O2: 10% CO2].
Table 3. Antioxidant capacity of edible portion of arazá, naranjilla and tree tomato fruits. 
Results were expressed as mean ± standard deviation (n=6). Different letters represent statistical 
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Table 1. Determination of total polyphenol content (TPC), total flavonoids content (TFC), total carotenoids content (TCC) and total 
anthocyanins content (TAC) in araza, naranjilla and tree tomato fruits and Antioxidant activity of arazá, naranjilla and tree tomato 




Results of phenolic components were expressed as mean ± standard deviation (n=9). 
Results of antioxidant activity were expressed as mean ± standard deviation (n=6). Different letters represent statistical different with 
(P<0.05) by One-way ANOVA of column results.   
                      Antioxidant capacity 







            TPC 
(mg GAE/100 g DW) 
TFC  
(mg catechin/100 g 
DW) 
TCC 
 (µg β-carotene/g 
DW) 
TAC 
(mg Cy-3-glu/100 g 
DW) 
       
Arazá 758.22 ± 5.01
c
 392.10 ± 9.67c 1569.60 ± 3.31 600.72 ± 22.25 31.00 ± 0.22 N.D 
Naranjilla 76.40 ± 1.33
a
 21.26 ± 1.35a 775.31 ± 18.26 991.57 ± 20.24 34.08 ± 2.42 N.D 
Tree tomato 161.04 ± 8.48
b
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Table 2. Analysis of coefficient of correlation of Pearson  (r) between antioxidant capacity 
















* Significant statistical (P<0.05) at a confidence level of 95%. MAP 1 [2.5% O2: 5.0% CO2], MAP 












TCC -0.4686 -0.5580 
TFC 0.9507* 0.8360* 





TCC 0.3166 0.8258* 
TFC -0.4945 0.8188* 





TAC 0.2252 0.7930* 
TCC 0.5641 0.6589 
TFC 0.2412 0.7365* 
TPC 0.1463 0.8767* 
 
 
    Tree tomato 
 
MAP 3 
TAC 0.7259* 0.5429 
TCC 0.7010 0.2120 
TFC 0.7944* 0.2024 
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n (n=6). Different letters represent statistical different with (P<0.05) by One-way ANOVA of column 
results.   
Time of storage 
(Days) 









ABTS DPPH ABTS DPPH ABTS DPPH ABTS DPPH 
1 549.16 1075.67 73.60 346.51 155.22 388.72 174.38 456.40 
4 574.49 1074.77 75.68 360.10 148.08 385.69 154.93 423.10 
7 214.93 645.97 109.34 348.96 138.42 447.01 188.68 452.04 
10 192.53 726.26 113.71 357.32 168.61 521.84 171.32 454.35 
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